The commercially important members of the group -iprodione, procymidone and vinclozolin -are considered. The metabolism in plants, the residue levels in field treated crops, and the analytical methods for determining the residues of these compounds are summarized. The data indicate that the residues of parent compounds are present in food at such concentrations which enable their determination with several aultiresidue procedures. Since the total residues deriving from approved, registered use of the compounds are toxicologically acceptable, the MRLs should be expressed and the residues analysed as the parent compounds alone to simplify the analysis of a great number of samples in the regulatory laboratories.
INTRODUCTION
dicarboximide fungicide has been applied to anti-fungal compounds of the general Currently the commercially important members of the group are iprodione, procymidone and vinclozolin which are considered further in this paper.
Vinclozolin is a non-systemic contact fungicide, whereas procymidone has been reported to be moderately systemic, In the case of iprodione, root uptake has been shown to occur from soil by several plants.
These products are mainly used against Botrytis, Sclerotinia, and Monilia spp. at a rate of 0 . 5 -1.5 kg active ingredient/ha as a foliar treatment.In addition, the pesticides may be applied post harvest and for seed dressing.
Residues in crops receiving foliar treatments consist of the intact parent compound and some metabolites in widely varying proportions. The unique feature of this group of compounds is that all metabolites identified contain the 3,5-dichloroaniline moiety except the 3-isopropylhydantoins identified from iprodione. There is no evidence of significant impurities in the technical products or formulations carrying through to be residues in crops.
Maximum Residue Limits [ MRL: the maximum concentration of a pesticide residue which is legally permitted in or on a food commodity (l)] have been set for these pesticides in many crops and countries. The FAO/WHO Panel of Experts on Pesticide Residues also made recommendations for MRLs for international use (3) (4) (5) .
Limits for iprodione and procymidone are generally expressed in terms of the parent compounds, although the tolerance for iprodione in the USA includes the parent compound, its isomer, and a metabolite indicated as Iz on Figure 1 . The MRLs of vinclozolin are expressed either as parent compound alone or as the combined residue of parent compound and metabolites containing the 3,5-dichloroaniline moiety.
Derivatized 3,5-dichloroaniline can be determined with suitable sensitivity in various matrices after alkaline hydrolysis and derivatization, generally with chloroacethyl chloride. The combined residues of active ingredient and metabolites are determined. However, the method is not selective and cannot distinguish members of the group from each other and it includes any 3,5-dichloroaniline, which may have come from other sources.
Alternatively, these fungicides can be satisfactorily determined as the parent compounds using several well established multi-residue procedures. These enable analysts to screen for the presence of these pesticides and for many others within the same process.
Knowledge of the identity of individual dicarboximids is important in screening because the MRLs, established for these compounds in the same crop, differ in certain cases. Table 1 illustrates the wide variation of MRLs.
The objectives of this paper are to present the data available on residues of iprodione, procymidone and vinclozolin so as to recommend a uniform approach in setting and enforcing MRLs. 
M E T A B O L I S M IN PLANTS
The metabolic fate of the compounds was studied with 14C-phenyl ring labelling in iprodione and vinclozolin and with 14C labelling in the carbonyl group of procymidone. The plants received foliar treatment. In addition, the uptake by roots was also studied.
The metabolic pathways of procymidone, iprodione and vinclozolin are shown in Figures 1-3 respectively. Details of the relevant experiments are summarized in Table 2 .
The main degradation route for all compounds was cleavage of the cyclic imide linkage. Pathways differed as various side-chain modification also occurred. All major metabolites contained the intact 3,5-dichloroaniline moiety. The metabolites are mostly present in conjugated or bound form.
The half lives of initial residue deposits were reported to be about 20 days f o r procymidone on bean leaves ( 2 ) and 9 to 16 days, and 5 days, for vinclozolin on peaches and lettuces, respectively (6). The ratio of parent compounds in the total residue decreased after application. Up to 10 days following a single treatment, the parent compounds were the main components of the total residue of each pesticide. Thereafter polar metabolites began to occur in widely varying proportions. Vinclozolin was converted to polar metabolites to the greatest extent. This resulted in a relatively low level of parent compound in treated crops harvested 4 to 7 weeks after application.
The fate of procymidone was investigated in bean and cucumber. In both cases, the parent compound amounted to over 90% of total residue recovered from various crops 3 to 4 weeks after treatment, and only 0 . 6 to 1 % were attributable to the sum of Pi and P2, the major metabolites. Residues of 3,5-dichloroaniline in cucumber and soybean were below the limit of determination (0.01 mg/kg) ( 7 ) .
The fate of iprodione has been studied in a number of crops. Generally the parent compound is the major component of the total residue. A relative increase in the proportion of metabolites and bound residues was observed in certain crops or crop fractions. Results of field experiments, summarized in Table 3 , show the sum of metabolites 1 1 and Iz may amount to about one half of the total residue in leafy vegetables and rice, while in other crops the parent compound was the major component of the residue.
The analysis of individual results revealed that: i) if the parent compound occurred in high concentration the amount of metabolites was relatively negligible in that sample. This can be seen by comparing the maximum values of parent compound and the sum of residues measured; ii) in other samples, taken from the same type of crops, the sum of parent, I1 and I2 was always lower than the total residue found in samples containing the parent compound at high concentration. The residue uptake from treated soils showed that iprodione residues entering wheat and strawberry plants via root absorption are mostly bound residues and metabolites with little parent compound. Foliar spray reaching the soil at the time of application may be one of the sources of variation of metabolite concentration in plants, even if root uptake is a minor route of absorption compared with foliar uptake from the recommended use.
DECLINE OF RESIDUES AFTER APPLICATION
The results of supervised trials are summarized in Table 4 to 11, based on unpublished reports provided by the companies.The iprodione and procymidone residues were measured as intact parent compound, while the residues of vinclozolin, with one exception, were determined as the sum of parent compound and its metabolites in the form of 3,5-dichloroaniline derivative.
The residues remain mainly on the plant surface and very little, if any, penetration occurs into the inner layers. Consequently the residue levels are greatly influenced by external factors.
The residue ranges on crops receiving similar dosages were of approximately the same magnitude. The rate of decrease of residue concentrations did not show significant differences.
The results suggest that dilution caused by weight increase of crops accounts for a considerable part of the reduction of residue levels in some cases.
RESIDUE LEVELS IN MARKETED CROPS
A summary of market surveys carried out in Denmark (lo), Sweden (11) and United Kingdom (12) is given in Table 12 . Analysis of samples were carried out with methods measuring the parent compounds alone.
The spread and frequency of residues are in line with results obtained for other compounds detected in commodities moving in commerce (13) . The picture obtained may be considered representative of dicarboximide residues, especially of those of vinclozolin, which was screened in a large number of samples.
M E T H O D S OF RESIDUE ANALYSIS
The manufacturing companies developed specific methods for the determination of parent compounds and metabolites in samples derived from supervised trials.
In plant materials, iprodione is determined as the parent compound alone (14) or as the parent, 11 and Iz individually, after separation on a Florisil column (15) . The parent compound is measured in samples treated with procymidone (16) .The analytical method developed for vinclozolin determines the parent compound together with all metabolites containing the 3,5-dichloroaniline moiety (17) . The method is based on direct alkaline hydrolysis of samples to yield 3,5-dichloroaniline, which is reacted with chloroacetyl chloride to form
The latter is determined by GLC with an electron capture detector (3).
In addition to the unpublished methods of the manufacturers, there are several multi-residue procedures and individual methods which can be used for the determination of the parent compounds. The multi-residue procedures can only be used for the determination of the parent compounds.
Acetone is by far the most widely used solvent for the extraction of fruits,vegetables and foliage of high water content (18 -24). Other solvents, such as petroleum ether (25, 26) , acetonitrile (27) and benzene (26) or solvent mixtures: cyclohexane/benzene 8t2 (28), dichloromethane/ acetone 9t1 (29) are reported by one or two authors. Methanol is also an efficient extraction solvent and has given high recoveries of vinlozolin and iprodione from fruits (30) . Although iprodione has been reported to rearrange in alcoholic solvents (31) no losses were found with methanol extraction of acidic fruits where partitioning took place within an hour of extraction (30) . Dry samples (cereal grains, rice) are extracted with dichloromethane (19, 21) or the lower layer obtained from the mixture of 92:7:1 of dichloromethane, methanol and concentrated hydrochloric acid. Samples with high vegetable oil content (rape seed, sunflower seed) are extracted with acetone containing 0.5 mol/l sulphuric acid f o r removing vinclozolin and its metabolites (32), or with acetonitrile* for the three compounds. Must and wine samples are extracted with light petroleum ether (33) .
The extracts can be purified on silica gel/active carbon (la), on a mixture of active carbon/magnesium oxide/celite 1t2t4 (34), on neutral alumina (34) and on Florisil (23, 32) columns.
Efficient clean up was achieved by passing through the extracts of apples and pears on Sep Pack Florisil (22) or Sep Pack Cis cartridges (22, 27) and carbon/cellulose (30) . Gel permeation chromatography on Bio Beads SX-3 was successfully applied to a wide variety of samples followed by an additional clean up on silica (21, 24), Florisil (34) or silver loaded alumina (24) columns.
The concentrated, cleaned extracts are mostly analysed by gas liquid chromatograph using 63Ni ECD (14-16, 18, 22-25, 27, 32, 35 , 361, 63Ni ECD and NFTID (21, 29, 37) or Hall ECD (20) . The compounds may be eluted on liquid phases from nonpolar (OV-1, SE-30, OV-101), through medium polarities (OV-17, OV-1701, OV-22) to high polarities (08-225, DEGS, QF-1).
Packed columns with 2-3% liquid phase on Chromosorb WHP or equivalent supports (14,15,18,21,23,29,35-37 ) as well as wall coated capillary columns (22, 24, 25, 27) and bound phase fused silica columns (38) Recoveries of the compounds are over 80% in most of the cases for all methods discussed.
Confirmation of the identity of the residues is mostly carried out with GC-MS applying electron impact ionization (38) (39) (40) or by positive or negative chemical ionization (40, 42).
In the absence of GC-MS, additional chromatographic methods, including two dimensional capillary GC (43), may be used for confirmation. 
DISCUSSION
The active ingredients of dicarboximide fungicides can be determined with several widely used multi-residue procedures. The typical limit of determination (mg/kg) is five or more times lower than the lowest MRL. Studies on the plant metabolism of the active ingredients revealed that the parent compounds amount to over 70% of the residues in plants within three weeks period after application, with the exception of vinclozolin in strawberries and lettuce. Although the proportion of vinclozolin is low in the latter cases, it was present in quantifiable concentration 23 days after application. Since the dicarboximide fungicides are active against the same fungus diseases, they can be used alternately to protect the crops. Residues of more than one active ingredient may therefore be present in the harvested crops. Within the group, the MRLs for some commodities vary up to five-fold. Consequently the identity of the parent compound must be determined in each suspect sample otherwise the residue results cannot be interpreted.
The analytical method based on the analysis of 3,5-dichloroaniline, the common moiety of the active ingredients and all of the metabolites of the group, cannot distinguish the origin of the residues. It also includes any occasional dichloroaniline contamination of the commodity, derived from other sources, with the pesticide residues. Consequently this indirect method cannot be used alone for analysis of food commodities of unknown origin for the enforcement of MRL.
If the MRL is expressed as a combined total residue its enforcement always requires additional analysis which is time consuming and expensive, and inevitably reduces the number of lots which can be controlled by the laboratory.
RECOMMENDATION
Since the total residues deriving from approved, registered use of the compounds are toxicologically acceptable, the MRLs should be expressed and the residues analysed as the parent compounds alone. This will simplify the control of compliance with registered use patterns.
The redefinition of residue included in the MRL requires reconsideration (decrease) of some limits for vinclozolin which are based on 21 days or longer preharvest intervals.
The limited information available to the authors on the concentrations of parent vinclozolin on treated crops does not allow estimation of the new limits. However, it is considered that sufficient data coforming to the redefined residue is available in the files of national registration authorities in countries where the parent compound alone is used for MRL. Therefore further review of that data base is recommended. 1. . . -. . . 1-. . -. . . . . . -. . . . . . . -. . . . . . -. . . . . -. -. . . -. -. . . . . . . -. _(. . . . . . -. . . . . - 2. The sum of residues is given for that sample in which the maximum of parent was 3. nd indicates residues below 0.05 mg/kg, the limit of determination.
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